Introduction
Scanning surveillance of veterinary diseases in Scotland has recently been reviewed and reported as imperfect. 1 The Veterinary Investigation Diagnosis Analysis database (VIDA) records and reports data from veterinary laboratories in Great Britain and is currently the main source of passive surveillance information in Great Britain. Between 2007 and 2014, the majority of animals within the 'Neurological Disease' VIDA category fell into the group 'Diagnosis not reached-nervous disease'-77. 4 per cent in cattle, 35.2 per cent of sheep. 2 Neurological conditions in cattle and sheep are particularly relevant as indicators of toxicity, zoonosis and are associated with pain and distress, having a significant effect on productivity and animal welfare. 3 4 Neurological disorders in livestock have proven to be notoriously difficult to classify, diagnose and treat. 5 6 The aim of this retrospective cohort study was to collate and report on the ruminant cases presented to the University of Glasgow teaching hospital with neurological disorders over a 10-year period.
Materials and methods

The Scottish Centre for Production Animal Health and Food Safety
The Scottish Centre for Production Animal Health and Food Safety (SCPAHFS) is the teaching facility for production animals at the School of Veterinary Medicine, University of Glasgow. The area from which cases are donated to the facility extends from Perth in the north to the Scottish border with England in the south (excluding the southeast corner) and extends to both east and west coasts. The catchment area is roughly 8000 km 2 representing approximately half a million cattle, including young stock and 2 million sheep, including lambs. 7 The cases seen are donated via first-opinion practice veterinarians, who perform an initial clinical assessment and determine that the animals are fit for transport to the centre. All cases are admitted as donations and become the property of the University of Glasgow. Farmers receive a small monetary gesture of gratitude and both the veterinarian and farmer receive feedback on the case progression and outcome. SCPAHFS functions as the teaching hospital for the University of Glasgow Veterinary School and the diagnostic workup, treatment and, in most cases, postmortem of these donated cases facilitate student teaching.
SCPAHFS has taken the decision that accepting farm animal referral cases into the centre with an aim of recovery and return is not ethical and has considerable biosecurity risks given the occasional presence of diseases such as Johne's, infectious bovine rhinotracheitis and persistent bovine viral diarrhoea virus infection. In a few instances (eight individuals during the period of study), recovered cases were allowed to be returned to their farm of origin after discussion with the owner and his/her veterinarian about the disease risks of such a return. After a clinical assessment on admission, a decision is made based on the welfare of the animal whether to progress to further diagnostics and/or treatment, or to euthanase the animal immediately and send it for postmortem examination. The remaining animals are evaluated regularly (by students and clinicians) and sent for postmortem when appropriate. Postmortem allows a more accurate diagnosis and facilitates anatomical pathology teaching. Since the animal will nearly always be subjected to postmortem, some of the more invasive neurological techniques (such as a cerebrospinal tap) are rarely undertaken in the live animal.
Study population
This was a retrospective cohort study. The clinical records of all ruminants donated to SCPAHFS for teaching that presented with a nervous system abnormality during the time period January 2006 to June 2016 were identified from the hospital computer database and selected for further review. Ruminants were included in the study if sufficient information was available in the clinical records to verify that they had a disease of the nervous system.
For each case, the following information was recorded and analysed: age, sex, species, breed, presenting complaint, duration of condition at time of donation, clinical and neurological examination findings at presentation, ancillary test(s) results, case progression, presumptive clinical diagnosis, postmortem examination findings (if available) and definitive diagnosis (if reached). The progression of cases was classified as recovered, static, euthanased due to welfare concerns or died. Static cases were defined as those that did not recover but were deemed stable and showed no signs of discomfort-they could stand, lie down, move and feed comfortably in a single pen with sight and touch to some of their peers. Duration of condition at time of donation was also recorded and was defined as acute less than one day, subacute less than one week, chronic greater than one week or present since birth. 8 A neurological examination form was available to record the findings during the examination of patients. As part of this study, recorded neurological signs were extracted from the form (if available) and/or the clinical records and then grouped into 10 categories: mentation, behaviour, gait, posture, balance, proprioception, spinal reflexes and musculature, cranial nerve signs, definite or possible cranial nerve involvement and pain signalling. These categories were adapted from the ruminant neurological exam described by PD Constable. 3 In some instances, cases presenting with neurological signs were directly examined by board-certified veterinary neurologist and/or a resident in veterinary neurology.
Available clinical record data for each case allowed localisation of the lesion(s) to the brain (including forebrain, cerebellum and brainstem), spinal cord or peripheral nervous system. Definitive diagnoses were obtained through reviewing the clinical records of each case: history, physical examination, postmortem report (when available) and through interpreting results of additional ancillary tests (such as electromyography, CT or MRI). Such additional tests were only carried out in 11 cases and were not essential to reach a diagnosis, with most advanced imaging being performed posthumously in order to further confirm the presumed diagnosis. If a diagnosis was not immediately clear based on the given data, a board-certified veterinary neurologist and/or a resident in veterinary neurology reviewed the case. These specialists also reviewed the records of any cases with 'diagnosis not reached' in the original report in order to try and obtain one. Diagnoses reached were also grouped by aetiology into the VITAMIN D classification For the purpose of comparing age data in this study to published annual census statistics (National Statistics 2014 10 ) cases from 2016 (four sheep and four cattle) were excluded to match this study's time frame to published figures. Chi-squared tests were performed to compare the proportion of ruminants under one year (calves/lambs) presenting with neurological disorders to the proportion of calves/lambs in the total SCPAHFS caseload, between 2006 and 2015. In addition, the overall proportion of calves/lambs presenting to SCPAHFS was compared with the average proportion of calves/lambs in the national Scottish herd/ flock over the same time period. Chi-squared tests were also used to compare the case progression of calves/lambs compared to adults in each progression category. All further descriptive statistical analyses with the full data set were performed using commercially available software (Excel 2016).
Results
In total 1765 ruminants were admitted to SCPAHFS between January 2006 and June 2016. Ninety six of these cases met the criteria for inclusion in the study representing 5.4 per cent of the total cases admitted to SCPAHFS. Sixty-two (65 per cent) were cattle and 34 (35 per cent) were sheep, no other ruminant species were donated with neurological signs. Sixty-three per cent of all neurological cases were female: 69 per cent (43) of cattle, 53 per cent (17) of sheep-two sheep cases had no sex recorded. Eleven different sheep breeds were recorded; the most frequent breed was the Texel. Fourteen cattle breeds were recorded; Holstein-Friesian and Holstein-Friesian cross were the most frequent.
The median age for all ruminant neurological cases was seven months, eight months for cattle (range 0-178 months) and six months for sheep (range 0-84 months). The proportion of calves (defined as less than one year) in the national Scottish herd within this time frame was 30 per cent and the percentage of all calf cases admitted to SCPAHFS during this period was 29 per cent. 11 Out of the total number of cattle cases donated for neurological signs between 2006 and 2015, 64 per cent (37) were under one year. A significantly higher proportion of calves were presented to SCPAHFS for neurological disorders than the proportion seen in both the total SCPAHFS caseload and the national herd (P<0.0001).
During the same time period, lambs (defined as less than one year of age) represented 19 per cent of the total sheep caseload at SCPAHFS, which was significantly less than the 48.6 per cent proportion of lambs seen in the Scottish sheep population (P<0.0001). The proportion of lambs donated to SCPAHFS with neurological signs out of the total sheep neurological caseload between 2006 and 2015 was 60 per cent. This is not significantly different to the proportion of lambs in the national flock (P=0.1828) but is significantly greater than the proportion of lambs being donated to SCPAHFS across the time period (P<0.0001).
The median duration of the clinical signs at the time of donation to SCPAHFS was seven weeks (range: 0-84 weeks). In total, 56 per cent (53) of conditions were chronic (cattle: 54 per cent (33), sheep: 61 per cent (20) ); 28 per cent (26) were present from birth (cattle: 33 per cent (20) , sheep: 18 per cent (6)); 12 per cent (11) were subacute (cattle: 10 per cent (6), sheep: 15 per cent (5)); and 4 per cent (4) were acute (cattle: 3 per cent (2), sheep: 6 per cent (2)). All cases that presented acutely were euthanased on welfare grounds or died.
The presenting neurological signs (categorised) on arrival are shown in Fig 1. Eighty-nine per cent (85) of the animals had more than one of the 10 neurological categories affected. Seventy nine per cent (76) of cases presented with an abnormal gait and 53 per cent (41) had ataxia. Nineteen per cent (18) of cases displayed loss of normal proprioception. Abnormal cranial nerve signs were observed in 32 per cent (31) cases, with bilateral blindness observed in 14 per cent (13) . The 16 per cent (15) of cases which had more than four neurological categories affected were all euthanased on welfare grounds or died.
Case progression was recorded in all but three patients: 58 per cent (56) of cases were euthanased on welfare grounds or died and 42 per cent (40) became static (of which seven cases fully recovered clinically). There was no correlation between case progression and age of presentation (P>0.05 across all 'progression' categories, when the percentage of calves or lambs was compared with the percentage of adult cattle or sheep falling into that category).
The neuroanatomical localisation of the lesions could be defined in all cases and is shown in Fig 2. Peripheral nervous system localisation was most common in cattle and spinal cord localisation was most common in sheep. When species were combined, the brain was the most common lesion localisation overall.
The prevalence of different definitive diagnoses reached is listed in Table 1 . In total, there were 28 different definitive diagnoses. It should be noted that in 13 per cent (12) of cases a definitive diagnosis was not reached, despite specialist review. Spastic paresis was the most prevalent cattle diagnosis, with cases presenting between 3 and 19 months (with a mean of 9 months). Vertebral osteomyelitis was the most common sheep diagnosis, with cases presenting between 1 and 10 months (four out of the six cases were 1-2 months). Listeriosis was the third most common diagnosis and was seen in both sheep and cattle, with the greatest age range: 0-178 months (with a mean of 39 months).
Postmortem reports were available for 74 of the 96 cases. It should be noted that histological examination was not consistently performed throughout the 10 years, so diagnoses which . Spastic paresis was always diagnosed based on a clinical exam-there is no way currently of confirming this diagnosis using a postmortem as no pathomorphological changes have yet been described. 4 Diagnoses which were less likely to be reached without undertaking a postmortem examination included encephalitis (only two out of five cases with confirmatory postmortem reports were clinically diagnosed), vertebral osteomyelitis (only three out of nine cases recognised at postmortem were clinically diagnosed) and polioencephalomyelitis (neither of the two cases identified were clinically diagnosed). Fig 3 displays the aetiology of cases as defined via the VITAMIN D system. In total, 28 (27) per cent of cases had inflammatory or infectious aetiology, 23 per cent cattle (14) and 38 per cent sheep (13) . The main infectious/inflammatory diagnoses were vertebral osteomyelitis, listeria and encephalitis. Twenty-two per cent (21) of all cases had an idiopathic aetiology, all of which were cattle cases-the most prevalent idiopathic diagnosis was spastic paresis. Eighteen per cent (17) of cases were (14) 13 (8) 18 (6) Not reached 16 (15) 13 (8) 21 (7) Other diagnoses (<1.5% each): Cattle: brainstem lesion, idiopathic nystagmus, microphthalmia, myositis, polymelia, syringohydromyelia, traumatic neurapraxia, ventriculitis Sheep: birth asphyxia, brain abscess, discospondylitis, hepatic encephalopathy, myelomalacia, transmissible spongiform encephalopathy CCN, cerebrocortical necrosis.
Paper anomalous (16 per cent cattle (10) and 21 per cent sheep (7)). The most common diagnosis with an anomalous aetiology was hydrocephalus, followed by congenital spinal deformity. There were no cases with vascular or neoplastic aetiology. Eighteen per cent (six) of sheep cases had metabolic/toxic aetiology, and no cattle cases fell into this group. Fourteen per cent (nine) of cattle disorders were due to trauma; the cases of femoral nerve paralysis were aged between 2 and 12 weeks and three vertebral fractures were seen in cattle aged 2, 18 and 52 months. No neurological disorders of traumatic aetiology were seen in sheep.
Discussion
The authors of this study acknowledge that due to the referral conditions of the SCPAHFS hospital, commonly presenting and easily treatable neurological conditions (such as pregnancy toxaemia or hypomagnesaemia) were under-represented. In addition, as selection of cases for this study was based on the primary referral reason being a 'neurological disorder', individual cases that were showing neurological signs concurrent to another 'primary' disease and those which had neurological disease not detected by the referring veterinary surgeon may not have been included. Referral teaching hospitals are environments which create bias; 12 however. a different but equally biased population is represented by the current source of national surveillance data-VIDA. In terms of diagnostic submissions reported via VIDA, the data represent roughly 0.37 per cent of the cattle population and 0.03 per cent of the sheep population of Great Britain annually. 2 13 This study provides some guidance of prognosis of ruminant neurological disease: just over half of all ruminants showing neurological signs died or were euthanased due to welfare concerns. All the acute presentations recorded either died or were euthanased due to welfare concerns, suggesting there is a poor prognosis associated with acute neurological presentation of ruminants. Furthermore, if deficits can be seen in more than four of the neurological categories described, the prognosis of the animal is likely to be grave.
Within the 10-year period of study, the overall proportion of calves being donated to SCPAHFS was representative of the proportion of calves in the Scottish herd. However, calves were significantly more likely to present with neurological disorders than adults compared with the proportion seen in the overall caseload of SCPAHFS and the proportion of calves in the Scottish national herd. This confirms other reports in the literature that neurological pathologies tend to have a preferential distribution in cattle under one year of age.
14 Conversely, the proportion of lambs presenting to SCPAHFS was not representative of the national flock (lambs were under-donated). Out of the SCPAHFS neurological caseload, the proportion of lambs was greater than the proportion of lambs observed in the total SCPAHFS caseload. This may mean that referring vets were more frequently donating lambs suffering from neurological disorders than lambs suffering from other types of disease.
Overall the most common localisation of neurological signs in ruminants was to the brain. The number of brain lesions occurring in the national flock/herd may have been even higher as diseases involving the brain such as Scrapie are notifiable diseases and suspected cases would have been reported to the Animal Plant and Health Agency (APHA), not donated to SCPAHFS. With regards to species-specific lesion localisation, without any similar studies of the prevalence of brain, spine or peripheral nerve lesions for comparisonit cannot be concluded if our findings are representative of the national flock/herd, for example, if sheep are truly more predisposed to spinal neuropathies than cattle.
Abnormal gait was the most frequent presenting neurological sign in this study. Clinicians must bear in mind that in general practice this sign is most commonly related to pain or musculoskeletal disorders in large animals. 15 The difficulties of differentiating between disease of the nervous system and syndromes with a neurological expression have previously been discussed. 5 Therefore, a thorough assessment of the animal is recommended to ensure that the abnormality observed is due to a nervous system defect. More often than not, multiple neurological categories were affected in each case. This indicates a thorough clinical exam should be performed to work up neurological animals, regardless of any one obvious sign.
The most common diagnosis in cattle was young animals with spastic paresis. Due to the classical and obvious presentation of the disease process, veterinarians may have been quicker to refer these cases to SCPAHFS. 12 Previously reported as a rare condition, 16 the lack of substantial epidemiological data on bovine spastic paresis has recently been discussed. 4 Bovine spastic paresis does not have its own recording category in VIDA.
2 Though this study population may not be representative of the wider national herd, the high incidence of bovine spastic paresis raises the question of whether further investigations should be taken to better understand its distribution and prevalence in the UK.
Vertebral osteomyelitis is common in cattle and sheep 17 and it was the most prevalent diagnosis of sheep presenting with neurological signs in this study. Sheep cases were all under one year of age, supporting the evidence that this ailment generally occurs in lambs. 18 19 There is currently little research into non-epidural-related vertebral osteomyelitis (to the authors' knowledge only two case series are published, containing five and eight lamb cases, respectively) and tail docking has been hypothesised as a predisposing factor. 18 19 The high prevalence of idiopathic neurological disorders in the cattle of this study reflects the high incidence of bovine spastic paresis. Congenital abnormalities were responsible for the majority of diseases classed as 'anomalous'. This shows that there was a relatively high incidence of congenital neurological disorders in the ruminants in this study, particularly of calves with hydrocephalus.
Neoplastic neuropathies have been previously reported in retrospective neurological studies which analysed suspected Bovine Spongiform Encephalopathy (BSE) cases -2.5 per cent and 8.2 per cent of cases were reported to have neoplastic lesions in these studeis. 20 21 Published case studies occassionally report 'rare' brain neoplasms, 22 23 however, primary neoplasms of the nervous system are generally uncommonly seen in cattle. 24 The 10 years of data described in this study included all types of neurological disease presentation (not just suspected BSE) and no neoplastic neurological disorders were found, supporting the conclusion that they rarely occur. In addition, only one case with a degenerative aetiology was identified compared with the 6.6 per cent of cases in an Italian study analysing 244 cases of suspected BSE. 25 Again, the cases described in this paper represent a wider range of presentations than just those suspected of BSE and it supports the conclusion that degenerative neurological ruminant diseases are rare. This is likely due, in part, to the shorter lifespan of production animals. 5 Infectious/inflammatory causes were the most common aetiologies in this study (28 per cent). The high prevalence of these aetiologies in neurological conditions in livestock has previously been commented on. 3 5 A recent quantitative retrospective study of ruminant neurological disease (that was not biased by only analysing cases suspected of Transmissible Spongiform Encephalopathy (TSE)) found inflammatory process/infectious agent to be the most common aetiology (44 per cent), with toxic causes second most prevalent (32 per cent). 26 It should be noted that this alternate study took place in Brazil, a very different epidemiological environment to Scotland, so diseases such as rabies were prevalent.
Toxic/metabolic aetiologies were only seen in sheep. The toxicities were due to bracken poisoning or Closantel toxicity. Both toxicities to the nervous system have been well reported in sheep. [27] [28] [29] In contrast, traumatic aetiologies were only seen in cattle. Vertebral fractures or nerve paralysis accounted for all the trauma cases. Femoral/tibial nerve paralysis due to trauma has only been reported in cattle, and the results of this study support previous claims that it is most commonly seen in calves. 17 30 The absence of sheep presenting with spinal fractures confirms a previous retrospective study of 39 ruminant vertebral trauma cases where again cattle were the primary species affected. 31 This study emphasises that postmortems provide a valuable diagnostic tool in ruminant neurological disease diagnosis, supporting the conclusion reached by recent research into their benefit to large animal practice. 32 Postmortems resulted in a definitive diagnosis in the majority of neurological cases (70 per cent), as well as contraindicating the original clinical diagnosis in several cases. Therefore, there is a strong case for clinicians to be recommending post mortem exmaination when feasible and indeed for government surveillance to encourage this, not least because of the UK's previous experience with BSE. Results also show that certain neurological conditions are more challenging to diagnose clinically (eg, encephalitis).
The breadth of conditions diagnosed in this study (along with the variation in presenting neurological signs) reflects the challenging nature of investigating nervous system disease in ruminants in practice. This study suggests further investigation into the prevalence and pathogenesis of both spastic paresis and vertebral osteomyelitis is required. The analysis and the database provided by this study will hopefully stimulate further studies into non-TSE neurological conditions in livestock in the UK.
